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Background: Physical inactivity is a worldwide pandemic associated with major chronic 
diseases. Given limited resources, policy makers are in need of physical activity interventions 
that provide best value for money. 
Objective: To summarize evidence from RCT-based economic evaluations of primary 
prevention physical activity interventions in adult populations outside the workplace setting. 
Design: Systematic review of health economic evaluations. Incremental cost-effectiveness 
ratios (ICERs) in US$ per MET-hour gained were estimated on the basis of mean differences 
in intervention costs and standardized effects between intervention and control groups. 
Data sources: Identification of relevant studies via systematic searches in electronic 
databases (MEDLINE, Embase and NHSEED). 
Eligibility criteria: Cost-effectiveness analyses in which all data (except unit costs) came 
from one RCT investigating physical activity interventions for primary prevention or health 
promotion in an adult population in high-income countries.  
Results: In twelve eligible studies, 22 interventions were investigated. Interventions were 
based on advice, goal setting and follow-up support, exercise classes, financial incentives or 
teaching on behavioral change. The ICER varied widely among the interventions and four 
interventions showed an ICER below the applied benchmark of US$0.44 to US$0.63 per 
MET-hour gained. These four interventions were based on individualized advice via print or 
web. 
Conclusion: We found evidence from RCTs indicating cost-effectiveness of some physical 
activity interventions for primary prevention in adults. However, the majority of interventions 
assessed would not be cost-effective according to the benchmark applied. Furthermore, our 
study showed that trial-based evidence on cost-effectiveness of physical activity 
























• We found evidence from RCTs indicating cost-effectiveness of some physical activity 
interventions for primary prevention in adults. However, cost-effectiveness results 
varied widely among interventions. Four interventions that delivered individualized 
advice via print or web showed best value (physical activity gains) for money 
(intervention costs). 
• Our study shows that trial-based evidence on cost-effectiveness of physical activity 
interventions is relatively scarce. 
• We recommend that future studies investigating the efficacy or effectiveness of 
interventions aimed at increasing physical activity consider costs as an additional 





















Physical inactivity is a worldwide pandemic that causes substantial health and economic 
burden [1-3]. Established health consequences of physical inactivity include cardiovascular 
diseases, diabetes and different types of cancer [3]. However, there is growing evidence that 
physical inactivity is also related to musculoskeletal and mental health problems [4-6], which 
has not been explored in the majority of studies. This may result in an underestimation of the 
true burden of physical inactivity. The substantial burden of physical inactivity calls for 
interventions aiming to increase physical activity. 
With limited resources available, policy makers are interested in interventions that provide 
best value for money. Therefore, interventions aiming to reduce physical inactivity should not 
only prove effectiveness on health outcomes but also cost-effectiveness. Economic 
evaluation studies compare costs and outcomes of an intervention with a comparator. In the 
area of physical activity, the comparator is often doing nothing, non-physical activity related 
advice or standard physical activity advice [7]. 
There are two different approaches in economic evaluations: trial-based economic 
evaluations and model-based economic evaluations [8]. In a trial-based economic evaluation, 
costs are measured within a randomized controlled trial (RCT) investigating the effect of the 
intervention [9]. In a model-based economic evaluation, data on the effect and the costs from 
different sources are combined in a decision-analytic model [10]. Both methodological 
approaches have strengths and weaknesses [9-11]. The main strengths of a trial-based 
economic evaluation are related to the methodological strength of RCTs, i.e. the exclusion of 
potential biasing factors [12]. However, RCTs have weaknesses when directly used for policy 
making that are related to the efficacy versus effectiveness discussion [12]: Areas of 
potential concern include choice of comparator, protocol-driven costs and outcomes, artificial 
environment, intermediate versus final outcomes, inadequate participant follow-up, and 
selected patient and provider populations [12]. Model-based economic evaluations have the 




















clinical trials are missing, costs were not measured within trials, intermediate endpoints were 
captured or trial follow-up was short-term [8]. Nevertheless, inappropriate use of clinical data, 
bias in observational data, difficulties of extrapolation and concerns about transparency or 
validity of models are major concerns [8]. These strengths and weaknesses make it evident 
that for policy making reasons the two methods are better used complementarily than 
alternatively [13]. In any case, the review of available evidence, e.g. trial-based economic 
evaluations, remains a prerequisite for conducting model-based economic evaluations. 
Several systematic reviews have investigated the cost-effectiveness of physical activity 
interventions but most of these reviews focused on specific settings (e.g. school, workplace, 
community) and did not pay much attention to the methodological approaches (trial-based or 
model-based) chosen in the identified economic evaluations [14]. The availability of trial-
based economic evaluations of physical activity interventions seems to be limited [7, 15-17], 
and to the best of our knowledge, no systematic review has focused on this topic. 
Consequently, this study aims to systematically review trial-based economic evaluations of 





















We conducted our study according to current recommendations for systematic reviews of 
health economic evaluations [18-20].  
2.1 Eligibility criteria 
We defined the following inclusion criteria: 
Population: General adult population (≥18 years) in high-income countries as defined 
according to the World Bank [21]. We focused on populations in which physical activity would 
be considered to be primary prevention or health promotion. Consequently, we excluded 
studies investigating physical activity as secondary or tertiary prevention in patients with 
diseases such as stroke, diabetes, obesity, COPD, multiple sclerosis or mental health issues. 
As we focused on interventions that can be implemented on a population-level, we excluded 
studies on specific populations such as worksite populations, students or soldiers. 
Intervention: Any intervention aimed to increase physical activity.  
Comparator: No intervention (doing nothing), non-physical activity related advice or any other 
intervention aimed to increase physical activity. 
Outcomes: Effectiveness (e.g. change in physical activity minutes, change in walking time, 
change in steps per day, change in the number of physically active individuals) and 
intervention costs. We excluded studies that did not report specific physical activity 
outcomes, e.g. studies only reporting quality-adjusted life-years as part of pure cost-utility 
analyses.   
Study design: Cost-effectiveness analyses in which all data (except unit costs) came from 
one RCT of any follow-up duration. Consequently, we excluded health economic modelling 
studies and cost-effectiveness analyses from trials with a design other than RCT. 




















2.2 Search strategy 
We searched for studies using the following electronic databases: MEDLINE (via Pubmed), 
Embase and NHSEED. The search strategy was defined using the PRESS checklist [22]. As 
detailed in Table 1, we created a search string for physical activity and one for economic 
evaluations. These strings were then combined to identify economic evaluations of physical 
activity interventions. The search strategy was validated with the cost-effectiveness studies 
identified by Foster et al. [16]. The final search was conducted on 31 July 2019. 




• Mesh (for Pubmed): Exercise [Mesh] (not one level higher (Motor Activity [Mesh]) as otherwise 
getting many animal studies); Physical Fitness [Mesh] 
• Emtree for Embase: Physical activity; Physical inactivity; Fitness 
Expressions from titles/abstracts used to describe physical activity – Keyword Search 
• physical activity OR physically active OR physical inactivity OR physically inactive OR physical 
fitness OR active lifestyle OR inactive lifestyle OR sedentary lifestyle OR sedentary behavior OR 
sedentary behaviour 
• biking OR bike* OR bicycling  
• walk* (only in title, otherwise too broad) OR pedestrian* OR running (only in title, otherwise too 
broad) OR jogging OR stair climbing OR climbing stairs 
• active travel* OR active commut* OR built environment OR environment* design OR 




• Mesh (for Pubmed): Cost-Benefit Analysis [Mesh] 
• Emtree for Embase: Cost effectiveness analysis; Cost benefit analysis; Cost utility analysis 
Expressions from titles/abstracts used to describe cost-effectiveness – Keyword Search 
• economic analy* OR economic evaluation OR economic assess* 
• cost-effective* OR cost-benefit* OR cost-utility OR benefit-cost OR cost-effica* 
 
2.3 Study selection 
Identified studies were exported into Endnote and duplicates were removed. Prior to the 
screening of the identified studies, training sessions took place to ensure high consistency 
between reviewers. Afterwards, two reviewers (RM, RF) screened all studies separately. 
Title/abstracts were screened first, followed by a full-text screening. Disagreements between 
reviewers after screening title/abstracts and the assessment of full-text were resolved by 
consensus. Unclear cases were discussed with a third reviewer (MS).  
2.4 Data extraction 
We extracted data on the study design including random sequence generation, allocation 




















the study population, details about the intervention and control groups, outcome definition 
and measurement, and results. A data extraction form was created in Microsoft Excel, pilot 
tested independently by two reviewers and subsequently adapted to ensure all relevant data 
being captured. Data were then extracted by one reviewer and confirmed by a second 
reviewer. Disagreements were again resolved by consensus. In case required information 
was not reported in the publication, data were extracted from additional publications relating 
to the same study, e.g. study protocols.  
2.5 Risk of bias and quality assessment 
Risk of bias was assessed using the criteria from the Cochrane risk of bias tool and the 
consensus on health economics criteria (CHEC) list [23, 24]. Two reviewers evaluated the 
selected studies independently and any disagreement was again resolved by consensus. As 
in previous systematic reviews of interventions promoting physical activity, we did not rate 
studies on whether participants were blinded to their allocation to intervention or control 
groups [7], because it would be impossible to blind participants to a physical activity 
intervention. For the assessment of the performance bias, we therefore considered blinding 
of the personnel and if this may have affected the outcome. If publications from the same 
study were referenced, we also checked these additional references for information 
supporting the risk of bias assessment.  
2.6 Data synthesis 
The studies included in the review reported different physical activity outcomes. In order to 
compare the results between studies, effect measures were standardized. The standardized 
effect measure was the metabolic equivalent of task (MET) measured in MET-hours gained 
per person per day. One MET is defined as the resting energy expenditure, which is 
equivalent to an oxygen consumption of 3.5 ml/kg/min. The MET of an activity is a 
multiplicator of the resting energy expenditure and represents the intensity of an activity. To 
calculate the volume of physical activity we multiplied frequency by duration of physical 




















outcomes to MET-hours gained per person per day. For these calculations, 3.0 METs were 
assigned to moderate physical activity, 4.5 METs to moderate-to-vigorous physical activity 
and 6.0 METs to vigorous physical activity [17]. We choose these relatively low values to be 
consistent with other studies in the field [17, 25] and because of the well-documented large 
overestimation of physical activity intensity by self-report [26-28]. Whenever possible, the 
results of a twelve-month follow-up interval were taken to make the studies comparable. 
Physical activity interventions cause different types of costs, e.g. intervention costs, costs to 
participants, healthcare costs or production losses [29]. We therefore extracted the costs 
separately for each type. Cost types included in all studies (i.e. intervention costs) were used 
to compare costs between studies. The costs were converted to US dollars (US$) using 
purchasing power parity conversion factors for the reference year [30]. Costs were then 
extrapolated to the year 2018 using the total consumer price index for the US [31]. 
We further calculated the mean differences in costs and outcomes between intervention and 
control as a basis for estimating the incremental cost-effectiveness ratio (ICER) in US$ per 
MET-hour gained. The outcome in MET-hours per person per day was multiplied with the 
number of days of follow-up to make the outcome comparable to the costs and, therefore, 
allow us to compare interventions with different follow-up times. Wu et al. [17] used a 
benchmark of US$0.50 to US$1.00 per MET-hour gained to assess cost-effectiveness of 
physical activity interventions. This benchmark is based on the per capita health care costs 
of physical inactivity in the US and the recommendation for health‐enhancing physical activity 
by the WHO [32]. This means at least 2.5 hours per week of physical activity with moderate 
intensity or 1.25 hours per week of physical activity with vigorous intensity [32]. We used the 
same approach as Wu et al. [17] but applied current health care costs and productivity losses 
of physical inactivity in Switzerland [33]. Based on the lower and upper bound of the 95% 
uncertainty interval reported, we estimated a benchmark between US$0.44 and US$0.63 per 




















according to the increase in per capita health care spending and productivity losses were 





















3.1 Study identification 
Our searches retrieved 5060 potentially relevant studies (Fig. 1). After removing 1288 
duplicates, 3772 title/abstracts were screened. Many studies had to be excluded as they 
investigated populations not matching our inclusion criteria or the study design was not an 
RCT. After screening of title and abstract, 36 full-text publications were assessed for 
eligibility. Of these 36 publications, 24 were excluded because the population was not 
fulfilling our inclusion criteria (10 publications), the physical activity (5 publications) or cost 
outcome (6 publications) was not reported in sufficient detail, the study was a model-based 
evaluation of an initial trial that was included in our analysis (1 publication), the study 
investigated a follow-up intervention after an initial physical activity intervention (1 
publication), the journal publication reported a study that was included in our analysis based 
on the earlier published and more detailed Health Technology Assessment report (1 
publication). Twelve studies were included in the final evaluation. 
3.2 Description of included studies 
Details of the twelve included studies are provided in Table 2. Three trial-based cost-
effectiveness analyses were conducted in New Zealand [36-38], three in the UK [39-41], 
three in the USA [42-44], two in the Netherlands [45, 46], and one in Australia [47]. Eight 
studies recruited the participants through GPs [36-41, 46, 47], three studies used different 
channels for advertisements [42-44] and one study recruited participants with invitation 
letters [45]. The mean age of participants in the twelve studies ranged from 45 years to 74 
years. Female participants were more frequent in all of the studies except for the Dutch study 
conducted by van Keulen et al. [46], in which 45% of the participants were female. Four 
studies were clustered RCTs [37, 39, 40, 45]. In three studies, the trial arms had less than 





















Table 2 Overview on included studies 
Reference Country Populationa Interventionb Controlc Follow-upd Effect measures Cost measures 
Harris et al. 
[39] 
UK Adults aged 45-74 years 
recruited by their GP by 
invitation letter, physically 
inactive, able to walk outside the 
home and no contraindications 
to increase moderate to vigorous 
physical activity 
Mean age (years): not reported; 
range: 45-74 
Males (%): (1) 37; (2) 37; (C) 34 
(1) pedometer, individual targets for step 
counts over a period of 12 weeks and 
dairy for daily step counts all provided by 
post (n=339) 
(2) pedometer, individual targets for step 
counts over a period of 12 weeks and 
dairy for daily step counts all provided by 
a nurse plus three individually tailored 
physical activity consultations by a nurse 
at week 1, 5 and 9 (n=346) 
Doing nothing: 
Participants were 
advised to continue 
their usual physical 
activity and were not 
offered the 12-week 
intervention 
12 months Weekly minutes of 
moderate to vigorous 
physical activity (in ≥ 10-
minute bouts) as 
measured with 7-day 
accelerometry with a 
belt at the hip 
NHS perspective 
2 types of costs: 
intervention costs (set-up 
costs and delivery costs), 
healthcare costs 
Ewald et al. 
[47] 
Australia Adults aged >18 years recruited 
by their GP, average daily step 
count lower than 7000 steps per 
week, many participants with 
inactivity-related health problems 
Mean age (years): 57 
Males (%): 30 
Physical activity behavior change 
counseling delivered in two ways: 
(1) five face-to-face visits with an 
exercise physiologist (n=68) 
(2) one face-to-face visit with an 
exercise physiologist, followed by four 
sessions delivered by phone (n=64) 
Standardized print 
brochure encouraging 
physical activity (n=71) 






Netherlands Adults aged >50 years recruited 
based on matched 
neighborhoods from municipal 
health council regions 
Mean age (years): (1) 63; (2) 64; 
(3) 62; (4) 61; (C) 64 
Males (%): (1) 46; (2) 45; (3) 52; 
(4) 51; (C) 50 
Computer-tailored physical activity 
advice at three time-points (2 weeks, 2 
months and 4 months after baseline) 
delivered as either print (mail) or web 
(website and email) and in either a basic 
form (standard advice) or with additional 
environmental components (e.g., 
walking and cycling routes and PA 
possibilities and initiatives in 
participants’ own neighborhood and 
home exercises): 
(1) print-delivered basic (n=439) 
(2) print-delivered environmental 
(n=435) 
(3) web-based basic (n=423) 
(4) web-based environmental (n=432) 
Doing nothing: 
Participants in the 
control group were 
invited to complete 4 
questionnaires about 
physical activity during 
the upcoming year and 
they were told that 
they would receive 
physical activity advice 
after one year as a 
reward for their 
cooperation (n=411) 
12 months MET-hours per week 
based on the Dutch 
SQUASH [48] 
Societal perspective 
Intervention costs (fixed 
and variable), healthcare 
costs, participant and 























Iliffe et al. 
[40] 
UK Adults aged ≥65 years recruited 
by their GP with stable medical 
conditions, living independently, 
walking independently both 
indoors and outdoors (with or 
without a walking aid and without 
help from another person)   
Mean age (years): 73 
Males (%): 38 
2 intervention arms: 
(1) class-based exercise: FaME 
program, weekly classes plus home 
exercises for 24 weeks and encouraged 
walking (n=387) 
(2) home-based exercise: OEP, home 
exercises supported by peer mentors for 
24 weeks and encouraged walking 
(n=411) 
Doing nothing: 
Participants in the 
control group were not 
offered either the OEP 
or FaME program, but 
were free to participate 
in any other exercise 
just as they would if 
they were not 
participating in the trial 
(n=458) 
12 months 




Proportion reaching the 
recommended physical 
activity target of 150 
minutes of moderate to 
vigorous physical 
activity per week based 
on the CHAMPS 
questionnaire [49] 
NHS and participant 
perspective 
Setup and management of 
the intervention; hire of 
facilities; equipment; 
human resources; travel 
and phone expenses 
related to delivering the 
intervention; participants’ 
out-of-pocket expenses 
related to exercising (incl. 
FaME) 





Adults aged ≥65 years recruited 
by their GP from communities in 
Auckland, who did not achieve 
the recommended 150 minutes 
of at least moderate physical 
activity per week; 97% of 
participants were of New 
Zealand European ethnicity 
Mean age (years): 74 
Males (%): 46 
Face-to-face advice, step-related goal 
setting, followed by phone counseling: 
initial face-to-face advice on engaging in 
physical activity from GP including goal 
setting, followed up by 3 phone 
counseling sessions by trained physical 
activity counselors over 3 to 4 months. 
Goal setting based on steps and 
participants were encouraged to use 
their pedometer to monitor steps. Goals 
were handed to participants on a green 
prescription card (n=165) 
Face-to-face advice, 
time-related goal 
setting, followed by 
phone counseling: 
Participants in the 
control group received 
the same intervention 
as participants in the 
intervention group with 
the exception that 
counseling focused on 
accumulating physical 
activity around time-
related goals rather 
than step-related goals 
(n=165) 
12 months Minutes of weekly 
leisure walking 
assessed with the 
Auckland Heart Study 
Physical Activity 
Questionnaire [50] 
Public health care system 
and participant perspective 
Three categories: (i) 
Community care costs, 
which included GPs, 
nurses, physiotherapists, 
other allied health 
professionals, home help, 
and the cost of the 
pedometer. (ii) Exercise 
and community care costs, 
which included the prior 
category plus all personal 
sport and exercise 
equipment and physical 
activity costs. (iii) All costs, 
which included the prior 
category plus all hospital-
related costs such as 
specialist consultations, 
outpatient procedures and 
inpatient stays. (Costs of 
coordinating the GRx 
program and of phone 
counseling were excluded 
as these costs were 
























Women aged 40-74 years 
recruited by their GP and not 
achieving 30 minutes of at least 
moderate-intensity exercise such 
as brisk walking on 5 days or 
more per week 
Mean age (years): 59 
Males (%): 0 
Face-to-face advice, goal setting and 
follow-up by a face-to-face meeting and 
phone counseling: 10 minutes of brief 
advice and a written exercise 
prescription given by a primary 
healthcare nurse, face-to-face follow-up 
at 6 months and phone support for 9 
months from an exercise facilitator. The 
recommended goal was at least 30 min 
of moderate-intensity physical activity 
five times per week (n=544) 
Doing nothing: 
Participants in the 
control group received 
usual care from GP 
(n=545) 
24 months Minutes of moderate or 
vigorous physical 
activity per week 




Direct and indirect costs 
including program delivery 
costs, participant exercise 
costs, primary and 
secondary care costs, 
allied healthcare costs and 
productivity costs 
Van Keulen 
et al. [46] 
Netherlands Adults aged 45-70 years 
recruited by their GP who failed 
to meet at least two out of three 
Dutch public health guidelines 
(physical activity, fruit and 
vegetable consumption), 50% 
diagnosed as hypertensive  
Mean age (years): 57 
Males (%): 55 
3 intervention arms: 
(1) TPC: four printed, tailored letters (1. 
letter: 4 pages about physical activity, 2. 
and 4. letter: 5 pages about fruits and 
vegetables, 3. letter: 3 pages about 
physical activity) (n=405) 
(2) TMI: four phone calls, the order of 
the conversation topics in the first and 
third interviews could be chosen by 
participants (if PA was preferred in the 
first interview, fruit and vegetables 
consumption was discussed in the 
second and vice versa) (n=407) 
(3) Combined: two tailored print letters 
and two phone motivational interviews, 
the first letter and interview focused on 
physical activity, the second letter and 
interview on fruit and vegetables 
consumption (n=408) 
Doing nothing: 
Participants in the 
control group received 
one tailored letter after 





Proportion reaching the 
recommended physical 
activity target of 150 
minutes of moderate to 
vigorous physical 
activity per week 




(added to this was the 
summary question of the 
SQUASH [48]) 
Payer and participant 
perspective 
Fixed and variable costs 
involved in implementing 
the intervention (e.g. 
printing and mailing letters 
for TPC, call charges for 
TMI) and the costs of the 






















et al. [42] 
USA Adults aged ≥50 years recruited 
through advertisements in two 
free local newspapers and a free 
online website of classified ads, 
self-reported as healthy and 
sedentary (currently exercising 
for less than 2h per week and if 
exercising, engaging in walking 
as their primary form of exercise) 
Mean age (years): (I) 59; (C) 61 
Males (%): (I) 24; (C) 27 
Financial incentive: The intervention 
group was offered $50 for base 
participation in the study as well as a 
variable incentive payment depending 
on participants' aerobic minutes during 
each of the 4 weeks of the study: 
- $0 if averaging less than 15 aerobic 
minutes per day each week 
- $10 if averaging at least 15 and less 
than 25 aerobic minutes per day each 
week 
- $15 if averaging at least 25 and less 
than 40 aerobic minutes per day each 
week 
- $20 if averaging 40 or more aerobic 
minutes per day each week 
(n=21) 
Fixed financial 
incentive: The control 
group received a fixed 
payment of $75 for 
attending a 90-minute 
kickoff meeting, 
wearing a pedometer 
daily and returning all 
study materials (n=30) 
4 weeks Daily aerobic minutes 
measured with 
pedometers over 4 
weeks 
Payer perspective 
Only costs due to 
incentives were included in 
the study 
Sevick et al. 
[44] 
USA Adults aged 18-65 years 
recruited from the community 
using advertisements in the 
newspaper and in a local 
hospital; participants were 
considered as healthy but 
sedentary (< 90 minutes per 
week of at least moderate or 
vigorous physical activity) based 
on a phone call from a research 
assistant 
Mean age (years): 45 
Males (%): 18 
2 intervention arms. Participants in both 
arms mailed in physical activity logs and 
brief surveys each month, which were 
used to generate individualized 
feedback with the goal to increase 
physical activity. Feedback was 
communicated to participants either via 
mail or phone: 
(1) a phone-based, individualized 
motivationally-tailored feedback 
intervention (n=80) 
(2) a print-based, individualized 
motivationally-tailored feedback (n=81) 
Doing nothing: The 
participants in the 
control group received 
mailings unrelated to 
physical activity on the 
same schedule as 
phone and print 
participants, as well as 
a packet of health 
information at the 
beginning of the study 
(n=78) 
12 months Minutes of physical 
activity per week as 
assessed in a 7-day 




including those costs that 
would be borne by and 
outcomes that would be 
relevant to a health plan or 
insurer offering the 
intervention as part of their 
covered services 
Isaacs et al. 
[41] 
UK Adults aged 40-74 years 
recruited from their GP, not 
currently physically active, with 
at least one cardiovascular risk 
factor but without pre-existing 
overt cardiovascular disease, 
uncontrolled hypertension, 
uncontrolled insulin-dependent 
diabetes, psychiatric conditions 
or physical disabilities that would 
prevent participation in an 
exercise class 
Mean age (years): 57 
Males (%): 33 
10-week physical activity program with 
advice on how to continue and financial 
incentive: 
(1) a 10-week program of supervised 
exercise classes, two to three times a 
week in a local leisure center (n=317) 
(2) a 10-week instructor-led walking 
program, two to three times a week 
(n=311) 
 
Both with provision for continuing 
exercise at the end of the program. This 
included advice on how to continue 
being active and a financial incentive (a 
book of 20 half-price tickets for the 
leisure center). No charge was made to 
attend any of the exercise sessions 
during the 10-week period 
Individualized advice: 
The advice-only 
control group received 
tailored advice and 
information on physical 
activity including 
information on local 
exercise facilities. After 
6 months the control 
group were re-
randomized to one of 
the other trial arms 
(n=315) 
12 months Minutes of moderate 
and/or vigorous activity 
per week as measured 
with a 7-day recall 
questionnaire [54] 
NHS and participant 
perspective 




support), participants costs 

























Adults aged 40-79 years 
recruited by their GP, "less 
active" meaning those who were 
not achieving the recommended 
2.5 hours of at least moderate 
activity per week 
Mean age (years): (I) 57; (C) 59 
Males (%): (I) 33; (C) 34 
Face-to-face advice, goal setting and 
follow-up by phone counseling: The 
intervention was verbal advice to 
increase physical activity with exercise 
goals written on a green prescription 
card by the GP. The prescription was 
then faxed to exercise specialists in 
Sports Foundations who provided phone 
support on three occasions over the 
following three months to each 
intervention patient and sent written 
material including newsletters (n=451) 
Doing nothing: The 
control group received 
usual care that may 
have included some 
verbal advice about 
physical activity 
(n=427) 
12 months Minutes of leisure 
exercise per week as 
measured with a self-
administered 
questionnaire which 
prompts recall of 
physical activity over 
three months [50] 
Societal perspective 
Intervention costs; health 
funder costs; patient costs; 
productivity costs 
Sevick et al. 
[43] 
USA Adults aged 35-60 years 
recruited through mass media 
(print, radio, TV), word of mouth 
and recontacting volunteers from 
previous studies. Participants 
were sedentary but healthy 
(meaning no history of 
myocardial infarction, stroke, 
insulin-dependent diabetes 
mellitus, osteoporosis, or 
osteoarthritis) 
Mean age (years): (I) 46; (C) 46 
Males (%): (I) 50; (C) 49 
Lifestyle intervention: Teaching of 
behavior modification and cognitive-
behavior modification techniques for 
behavior change in small group 
meetings. During the 18-month tapered 
phase, all participants received a 
quarterly newsletter and a monthly 
calendar of activities. (n=121) 
Exercise prescription: 
Participants in the 
control group received 
typical exercise 
prescription as 
described by the 
American College of 
Sports Medicine, 
involving an exercise 
intensity of 50%–85% 
of maximal aerobic 
power and exercise of 
20 to 60 minutes 
duration at each 
session. During the 
18-month tapered 
phase, all participants 
received a quarterly 
newsletter and a 
monthly calendar of 
activities. (n=114) 
24 months Energy expenditure per 
day from physical 
activity using the 7-day 
Physical Activity Recall 
questionnaire [53] 
Payer perspective 
Intervention staff time, 
computerized tracking 
system, curriculum 
materials, printing and 
postage, facilities, health 
club memberships. 
Legend: Studies ordered by year of publication, CHAMPS = Community Healthy Activities Model Program For Seniors scale, FaME = Falls Management Exercise, OEP = Otago Exercise Program, 
SQUASH = Short Questionnaire to Assess Health Enhancing Physical Activity, TMI = Telephone Motivational Interviewing, TPC = Tailored Printed Communication 
a description of the population investigated including how the participants were recruited followed by mean age of the population and sex distribution, (I) refers to intervention group, (C) refers to control 
group, in case of more than one trial arm (1) refers to trial arm one, (2) refers to trial arm two and so on 
b description of the intervention including the number of participants (n), in case of more than one trial arm (1) refers to trial arm one, (2) refers to trial arm two and so on 
c description of the control group including the number of participants (n) 





















Twenty-two interventions were analyzed in the twelve studies. The interventions investigated 
in eight studies were advice and goal setting conducted in different ways such as face-to-
face, by telephone, using printed material or web contact/communication with different kinds 
of follow-up support [36-39, 44-47]. Exercise classes were researched in two studies [40, 41]. 
One study investigated financial incentives [42] and one study examined teaching on 
behavioral change [43]. In seven studies, the control group did not receive any information 
regarding physical activity during the study period, unless it was part of usual care [36, 37, 
39, 40, 44-46]. The other five studies compared the intervention group to a control group that 
also received an intervention that aimed at increasing physical activity [38, 41-43, 47]. As an 
example, in one study the control group received mailings unrelated to physical activity 
compared to the intervention arm with participants, who received telephone-based or print-
based individually tailored feedback [44]. In another example, the control group received 
fixed financial incentives, and the intervention group received incentives based on the 
amount of physical activity [42].  
The duration of follow-up was one month in one study [42], twelve months in eight studies 
[37-41, 44, 45, 47], 17 months in one study [46] and 24 months in two studies [36, 43]. The 
effect on physical activity was measured with self-reported questionnaires in eight studies 
[36-38, 40, 41, 43, 45, 46]. Two studies used pedometers in addition to activity logs and 
questionnaires to measure the outcome [42, 47] and one study used face-to-face interviews 
[44]. One study measured physical activity objectively by accelerometry [39].  
Costs were assessed using different perspectives. Three studies conducted the analysis 
from a societal perspective and included intervention costs, costs to participants, healthcare 
costs and production losses [36, 37, 45]. Two studies included intervention costs, costs to 
participants and healthcare costs [38, 41]. Three studies assessed intervention costs and 
costs to participants [40, 43, 46] and one study included intervention costs and healthcare 
costs [39]. Three studies only included intervention costs [42, 44, 47]. In general, intervention 




















mainly quantified based on questionnaires. Healthcare costs were assessed using either 
questionnaires or healthcare practice records. A separate and detailed reporting of resource 
consumption and unit cost was not done in most of the studies, except for the ones 
originating from New Zealand [36-38] and a recent study from UK [39]. Costing year was not 
specifically reported in four studies [41, 43, 46, 47]. Only two studies separately reported 
fixed and variable costs [45, 46].  
3.3 Risk of bias and quality assessment 
Risk of bias was assessed for each study with the Cochrane risk of bias tool [24] and results 
are summarized in Table 3. Six out of twelve studies provided enough information to judge 
that random sequence generation and allocation concealment were adequate. Adequate 
blinding of personnel and blinding of outcome assessment was reported in four studies. 
Incomplete outcome data were addressed in eight studies. Risk of reporting bias was judged 
to be low in eleven studies. The quality assessment using the CHEC list [23] showed that 
most studies did not investigate costs from an appropriate perspective (societal), many 
studies did not report the costing year and several studies did not conduct an appropriate 
sensitivity analysis (see electronic supplementary Table S1). 


























Harris et al. 
[39] 
 + + - + + + 
Ewald et al. 
[47] 
[55, 56] + + + + ? + 
Golsteijn et al. 
[45] 
[57] ? ? ? ? + + 
Iliffe et al. [40] 
 
+ + - - + + 
Leung et al. 
[38] 
[58] - - + + + + 
Elley et al. [36] [59] + + + + + + 
Van Keulen et 
al. [46] 




+ + - ? + + 
Sevick et al. 
[44] 
[61] ? ? ? ? ? ? 
Isaacs et al. 
[41] 
 
+ + - - + + 
Elley et al. [37] [62] + ? ? ? ? + 
Sevick et al. 
[43] 







































3.4 Results of trial-based economic evaluations  
Effects of the interventions varied widely. The highest effect on physical activity was seen in 
an intervention using financial incentives (Table 4). The effect was a gain of 1.17 MET-hours 
per day. However, it should be considered that this study had a follow-up duration of 4 
weeks, which is much smaller than all the other studies, which had a follow-up of at least 1 
year. Another intervention that was based on printed individualized motivationally tailored 
feedback showed a gain of 1.01 MET-hours per day, which can be considered equivalent to 
20 minutes of moderate physical activity per day [44]. Five interventions gained between 0.5 
and 1 MET-hour per day. These interventions included behavior change counseling or 
teaching, a combination of advice, goal setting and follow-up counseling, individualized 
feedback by telephone and instructor-led walking [36, 41, 43, 44, 47]. One intervention that 
used computer-tailored physical activity advice communicated via website and email had a 
negative effect (-0.06 MET-hours per day) [45]. All the other interventions had an effect 
between 0.1 and 0.5 MET-hours per day. 
Costs of interventions varied widely. The most expensive interventions were based on 
individualized motivationally tailored feedback communicated via telephone (US$1260 per 
person) or print (US$638 per person) [44]. However, these costs included recruitment and 
facility costs that were not included in any of the other studies. Four other interventions had 
costs higher than US$300 per person: One intervention combining advice, goal setting and 
follow-up counseling, two interventions based on exercise classes, and one behavior change 
teaching intervention [38, 40, 41, 43]. Seven interventions had costs lower than US$100 per 
person: three interventions with computer tailored physical activity advice communicated via 
print, two similar interventions communicated via web, one individualized step-related goal 
setting intervention plus one intervention combining advice, goal setting and follow-up 
counseling [36, 39, 45, 46]. All the other interventions had costs between US$100 per person 




















The ICER varied widely among the interventions (Fig. 2). Four interventions showed an ICER 
below our benchmark between US$0.44 and US$0.63 per MET-hour gained, which is based 
on the health care costs and productivity losses of physical inactivity in Switzerland. These 
four interventions were based on individualized advice delivered in four different ways [45]: 
print (postal mail) or web (website and email) and in a basic form (standard advice) or with 
additional environmental components (e.g., walking and cycling routes and physical activity 
possibilities and initiatives in participants’ own neighborhood and home exercises). One other 
intervention that was based on behavior change counseling by telephone had an ICER of 
US$0.64 per MET-hour gained [47]. One pedometer-based individualized step-related goal 
setting intervention had an ICER of US$0.67 per MET-hour gained [39]. Another intervention 
was based on face-to-face advice, goal setting, follow-up face-to-face meeting and follow-up 
telephone counseling [36]. This intervention had an ICER of US$0.85 per MET-hour gained. 














































Harris et al. 
[39] 
12 (C) doing nothing 0.05 19.6 0.0    
  (I1) pedometer, individualized step-related goal setting print 0.40 144.7 83.5 125.1 83.5 0.67 
  (I2) pedometer, individualized step-related goal setting face-to-face plus 
counseling 
0.35 129.1 238.4 109.5 238.4 2.18 
Ewald et al. 
[47] 
12 (C) standardized brochure encouraging physical activity 0.14 49.8 0.0   Costs of control group 
(brochure) not plausible 
  (I1) behavior change counseling face-to-face 0.34 123.6 194.2 73.8 194.2 2.63* 
  
(I2) behavior change counseling telephone 0.84 307.1 163.6 257.4 163.6 0.64* 
Golsteijn et al. 
[45] 
12 (C) doing nothing -0.31 -114.7 0.0   
 (I1) individualized advice print basic 0.43 156.4 34.4 271.1 34.4 0.13 
 
  
(I2) individualized advice print environmental 0.39 140.8 41.7 255.5 41.7 0.16 
 
  
(I3) individualized advice web basic 0.10 36.5 20.7 151.2 20.7 0.14 
 
  
(I4) individualized advice web environmental -0.06 -20.9 25.1 93.9 25.1 0.27 
 
Iliffe et al. [40] 12 (C) doing nothing 0.02 7.6 0.0   
  (I1) class-based exercise 0.36 132.0 381.6 124.4 381.6 3.07 
 
  
(I2) home-based exercise 0.08 28.7 146.1 21.1 146.1 6.92 
 
Leung et al. 
[38] 
12 (C) face-to-face advice, goal setting and follow-up telephone counseling 0.17 61.1 318.4   
  (I) face-to-face advice, step-related goal setting, followed by telephone 
counseling 
0.30 109.9 397.4 48.9 79.0 1.62* 
 
Elley et al. [36] 12 (C) doing nothing 0.38 137.6 0.0   
  (I) face-to-face advice, goal setting and follow-up face-to-face meeting and 
telephone counseling 
0.61 224.2 73.3 86.6 73.3 0.85 
 
Van Keulen et 
al. [46] 
17 (C) doing nothing 0.25 125.9 0.0   
 (I1) individualized advice print 0.29 147.8 81.4 21.9 81.4 3.71 
  (I2) individualized advice telephone 0.26 131.4 152.7 5.5 152.7 27.89 
  
(I3) individualized advice print and telephone 0.31 158.8 114.2 32.9 114.2 3.48 
Finkelstein et 
al. [42] 
1 (C) fixed financial incentive 0.65 18.2 90.8   
 (I) variable financial incentives 1.17 32.7 145.3 14.5 54.5 3.77* 
 
Sevick et al. 
[44] 
12 (C) doing nothing 0.45 163.3 191.4   Costs include general 
office activities, 
recruitment cost and 
facilities costs 
  (I1) individualized feedback on physical activity telephone 0.58 211.8 1260.3 48.5 1068.8 22.03 
  
(I2) individualized feedback on physical activity print 1.01 369.7 638.1 206.4 446.7 2.16 
Isaacs et al. 
[41]  
12 (C) individualized advice only 0.17 61.2 0.0   Costs of control group 
(advice only) not 
plausible   (I1) exercise classes, advice and financial incentive 0.18 64.9 375.7 3.7 375.7 101.48* 
  
(I2) instructor-led walking program, advice and financial incentive 0.50 181.1 186.2 119.9 186.2 1.55* 
Elley et al. [37] 12 (C) doing nothing 0.12 43.8 0.0   
  (I) face-to-face advice, goal setting and follow-up telephone counseling 0.39 142.4 164.1 98.6 164.1 1.66 
 
Sevick et al. 
[43] 



















  (I) behavior change teaching face-to-face 0.84 613.2 348.6 109.5 -653.7 -5.97* 
 
Legend: * ICER based on a comparator other than “doing nothing”; C = comparator; I = intervention; Δ = intervention – control group; ICER = incremental cost-effectiveness ratio; MET-hours gained per 






















To the best of our knowledge, this study is the first to systematically review RCT-based 
economic evaluations of physical activity interventions for primary prevention or health 
promotion in adults. Four interventions that delivered individualized advice via print or web 
showed best value (physical activity gains) for money (intervention costs) with ICERs below 
the benchmark between US$0.44 and US$0.63 per MET-hour gained [45]. However, cost-
effectiveness results varied widely among interventions and only a small number of 
interventions would be cost-effective according to the benchmark applied. Furthermore, this 
study shows that trial-based evidence on cost-effectiveness of physical activity interventions 
is relatively scarce, confirming a finding from the first Economics of Physical Inactivity 
Consensus (EPIC) conference [15].  
Our focus on the rigorous RCT study design may be one reason why we found only a small 
number of cost-effective interventions [17]. Wu et al. [17] also showed higher effects in 
studies using subjective physical activity measures compared to objective measures. 
Therefore, it seems noteworthy that one study using accelerometry showed an ICER just 
above the benchmark although rather conservative results would be expected with such an 
objective measure [39]. Another study using pedometers also showed an ICER very close to 
the benchmark [47]. This intervention that was based on behavior change counseling by 
telephone, had a reasonable incremental effect of 0.71 MET-hours gained per person per 
day and showed an ICER of US$0.64 per MET-hour gained [47]. However, the ICER for this 
intervention was based on a comparator intervention other than “doing nothing”. It seems 
likely that the ICER would lie below the benchmark if compared to “doing nothing”. One other 
intervention was dominant, i.e. better and cheaper than the comparator [43]. However, the 
comparator was an active one (specifically, exercise prescription) and, therefore, the ICER 
cannot be directly compared to ICERs from studies with a “doing nothing” comparator.  
Intervention effects and costs from the studies included in our analysis are comparable to 




















trial, or postmeasure-comparison approach) or model-based economic evaluations [17, 25, 
66]. The highest effect on physical activity (gain of 1.17 MET-hours per day compared to 
baseline) was observed in an intervention using variable financial incentives [42]. However, 
this study had a very short follow-up of 4 weeks and the intervention effect may not lead to 
substantial health benefits in a longer-term perspective. The second highest effect (gain of 
1.01 MET-hours per day) was shown for a print-based individualized motivationally tailored 
feedback intervention [44]. These interventions with the highest effect required more 
resources and therefore showed high costs. Although such more intensive interventions may 
not be cost-effective at the population level, they may be cost-effective in more targeted 
populations [17]. In Switzerland for example, we see a higher prevalence of physical 
inactivity in the French- and Italian-speaking language regions compared to the German-
speaking region [33]. In addition, populations with lower socioeconomic status show higher 
prevalence of physical inactivity. Targeting populations with similar cultural and 
socioeconomic characteristics may increase cost-effectiveness of physical activity 
interventions. 
The intervention by Goldsteijn et al. [45] that provided individualized advice delivered via web 
and included additional environmental components is a good example for showing a 
problematic aspect of cost-effectiveness analyses in the field. The intervention itself had a 
negative effect of -0.06 MET-hours gained per person per day when comparing physical 
activity at the one year follow-up versus baseline. However, compared to the “doing nothing” 
control group the incremental effect was 0.26 MET-hours gained per person per day, which 
is equivalent to approximately five minutes of moderate physical activity per person per day. 
Although this is a positive effect, it can be considered a relatively low incremental physical 
activity gain that is not sufficient to lead to substantial health benefits [67]. The annual 
intervention costs were US$25.14 per person. This leads to an ICER of US$0.27 per MET-
hour gained, which is below the benchmark. Therefore, the intervention is considered cost-
effective although the physical activity gain can be considered as not sufficient to lead to 




















some interventions that increased physical activity levels only by small amounts, such as 
stair climbing prompts, may be very cost-effective due to the very low intervention costs. 
Consequently, relying on cost-effectiveness alone might favor interventions that are unable 
to add substantial health benefits. The specifics of each intervention should therefore be 
considered and additional criteria such as minimal clinically relevant effectiveness thresholds 
might be used in future health policy decision-making. 
Cost-effectiveness may vary among settings and a previous study showed the limited 
comparability, generalizability and transferability of results from economic evaluations of 
physical activity interventions due to a high variability in costing methods [68]. Trial-based 
and model-based economic evaluations are complementary methods to assess cost-
effectiveness [13]. Our research shows the limited evidence available from trial-based 
economic evaluations. Consequently, transferability of trial-based economic evaluations and 
the use of data from trial-based economic evaluations as input for model-based economic 
evaluations gain in importance. As explained above, in model-based economic evaluations, 
data on the effect and the costs from different sources are combined in a decision-analytic 
model. 
We therefore agree with the EPIC statement that asks for high-quality RCTs with appropriate 
power and follow-up [15]. The statement also discusses other methodological challenges for 
economic evaluations of physical activity interventions such as the objective measurement of 
the intervention effect. Focusing more on the health economic aspects, we would stress the 
need to use available guidelines when conducting and reporting economic evaluations of 
physical activity interventions [23, 69]. Furthermore, we see an urgent need in reporting 
resource consumption and unit costs separately. This would not only increase transparency 
but also transferability of the results to other settings. In addition, the separate reporting of 
fixed and variable costs would facilitate the consideration of the cost-effectiveness when 
scaling-up physical activity interventions [70]. When reporting costs and effects, future 




















requirement for future studies is the use of “doing nothing” control groups, as this would 
increase the comparability of ICERs among studies.  
Several limitations need to be considered. The studies included in our analysis investigated 
different populations, comparators, settings, and follow-up durations and used different 
outcome measures. Therefore, interventions were too diverse to warrant mathematical 
comparison and it was decided to not provide summary estimates using meta-analysis 
techniques. In order to improve comparability, effect measures were standardized to MET-
hours gained per person per day. Although this method was used in previous studies, it may 
have some limitations when applied to broad outcomes such as step gains or proportions of 
populations meeting physical activity guidelines [17, 25]. In addition, many studies did not 
report sufficient statistical detail and, therefore, we were not able to properly address 
uncertainty. In order to assess the level of cost-effectiveness, we introduced a benchmark 
similar to that used in previous studies [17, 25]. Our benchmark was based on the health 
care costs and productivity losses of physical inactivity in Switzerland. Settings with different 
levels of prevalence of physical inactivity, health care spending or wages might choose 
different benchmarks for assessing cost-effectiveness of interventions to increase physical 
activity. The ICERs estimated in our study are based on the intervention costs and do not 
include potentially saved health care costs. Furthermore, we focused on interventions that 
can be implemented on a population-level and therefore excluded studies investigating the 
workplace setting. Some interventions focusing on the workplace setting have been 
previously shown to be cost-effective [71]. By limiting the study design to RCTs, we also 
excluded interventions targeting the built environment [17, 25, 72, 73]. As we excluded 
studies that did not report specific physical activity outcomes, we did not include studies only 
reporting quality-adjusted life-years as part of pure cost-utility analyses [74-76]. These 
studies showed varying results in terms of cost per quality-adjusted life-years gained by 





















We found evidence from RCTs indicating cost-effectiveness of some physical activity 
interventions. However, the majority of interventions assessed would not be cost-effective 
according to the benchmark applied. Some interventions increased physical activity levels 
only by small amounts, but were still cost-effective due to the very low intervention costs. 
Some interventions with relatively large intervention effects required more resources and, 
therefore, showed higher costs. Although such more intensive interventions may not be cost-
effective at the population level, they may be cost-effective in more targeted populations (e.g. 
for Switzerland: populations with similar cultural background or with similar socioeconomic 
status).  
Due to the relatively scarce trial-based evidence on the cost-effectiveness of physical activity 
interventions, we recommend that future studies investigating the efficacy or effectiveness of 
interventions aimed at reducing physical inactivity consider costs as an additional outcome of 
the study in order to assess cost-effectiveness. Such studies may not only investigate 
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Figure Captions and Legends 
Fig. 1 PRISMA flow diagram of the systematic review 
 
Fig. 2 Incremental intervention costs and MET-hours gained (ICERs) in trial-based economic 
evaluations of physical activity interventions 
 
Legend: Δ refers to intervention minus comparator. The results from the study by Sevick et al. [43] were removed from the 
figure, as the cost difference was negative (US$ -654); this was based on a comparator intervention other than “doing nothing” 
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